
Miki: Lecture , 19,21 , 26th

Review 28th
①
Send midterm on 28th

Th 28th
- Wed 3rd

Midterm 1- 2 class length

midterms

HW next week

①
③ Computation



Outline:

Before :
microcanonical & canonical

ensembles, entropy &Free energy

currently ! Can't
solve most problems,

computers solve
, by statistical

sampling
Today MD

Next : approximate solutions

[ gasses & liquids
]

Later : Phase transitions
Dynamics , Non Eq



Canonical Sampling peg ,p) ✗ e- PHAM

But
,
MD gives microccnonical distribute

First : Integration algorithmvelocity

d£+=%¥ If = -0¥, ← tone
get +A) = GCH + ☐+ If small it

approx
pcttetl = PCH

c- stated



Verlet
,
velocity verlet algorithms

Taylor expansions of position

① qcttstt-qcflt-t.IE#iE%Eft..w
a÷✓ (t)

= Fctym
get +OH

= GCHT it Vlt> 1- d¥F(fym

② qct - St) = qctl
- At VCH t

'

Fctym ←

add eqns
Gltt OH + g. (f-AH

= Zqctl + Dt
' Fatty



qcttetitq.lt-Atl [verlet
1967$

= 2q¢t$ + Ot
' Fatty

qlttdtl-2qc.tl - qcf -
ltltnt ' FCH

=

store of , qct
- OH

calculate
force every time

[ Bruce Berne , Rahman
lecture]

vctl = GH+sHzj+8



Get another scheme by , going back in time

qct + OH → q.CH

qft-lxqtt-H-stvcttstli-IIF-q-YD-o.glttttl Kaffa + St UCH
+ s¥FCµI
,

add one
from other ←

②vlttntl-vcttl-zltmf.FCHI-Fltitdf.BY
alternate l&Z

store
qctl ,pal,-541

know : qlol , V0)
[velocity Verlet algorithm]



1-= Ms't¥TFEÉne
""

01M)

stability a
St
"

,

• am. Nd

[seefvckrmg
Formally 1- (f) = e'

'

*+
Aco,

A={8p} troller
factorization

-2

velocity verlet



That was microcanoical

How do we get canonical sampling

☒fsysta
bath
3 early approaches

-not accurate



① temperature rescaling
calculate temperature :

pµ=éP±m'mkTT
< v2> = k

(KE) = <Emi > = KBZI
( ¥-1m:?) = E-NkrsT.no/abkEi=iksTcurrent--Z(l-w?-=z-miviZ>



Krstcvrrent
'

as

Éclat
= Ñ¥ict1

V ideal = ✓ CH . Tidal
✓ Ferment

¥itn⇒÷
current

only fixes mean squared deco ,

kind of preserves inertia



② Recompiling
Reset all velocities from

pool = e-
Kma
¥15m

Completely loses
inertia

③ Andersen thermostat

randomly pick a particle with
(some )

rate V
, ne sample velocity

choose randan number r < Vlt , re sample



Better ideas:

① Langevin dynamics
[ later , nor eq]

adding random forces

② Extender led ensemble

Nosé [ 1983,84]

add an extra
" fake particle

"

keep track of KE
,
if too

-

big

or small, velocities get resealed



71N -_Ép÷msztU(g) + Pi⇒ + gksihss
-i= '

q
KE ofs

✓
ULS )

pi
-

- PTS Q
"

mass of s
"

controls how fast

rescaling happens
Eon :

d.Ntl positions & dnt' momenta

{ Cfi , Ñi , S , Ps } ←
ZDNTZ



71N = ÉP÷ms, 1- U(g) + Pizz + gksihss
i= '

W -

Gii = %¥~ = P÷sz
Éi = -0,1g; = - Fyi = Fi

§ = d¥p, = PSIQ
"velocity of s

"

Hs = -0¥ = I PÉm ,} - g
KBT
I

= ↳ [ E Fins. - gkst]



g tuns out
be ( anti)

¥, = ↳ [ EEY.si
- gkst]

= 'J[2kE - (dntllkst]
[see Book]

www.et-fdqdnfdpd~fds/dpsS(Hlpiq1tPzIo.+gkrsTlns)
✗ e-PHreaitp.gl if g=dNt1


